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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor laser module used for the optical 

transmission system which used the reactance modulation system. 

[0002] 

[Description of the Prior Art] In recent years, application in the communication link field in which a 
semiconductor laser module deals with the signal of microwave frequency domains, such as CATV and 
public correspondence, is tried briskly, and utilization has started. The direct modulation technique on 
the strength which accumulation of a noise or signal distortion changes into a lightwave signal by 
making a RF signal into a direct modulation signal in this in little short middle distance transmission 
which is hundreds of m - several km is effective in respect of the simple nature of a facility, and cost. 
[0003] The conventional semiconductor laser module is explained below. 
[0004] The electrical equivalent circuit of the 1st example of a configuration of the conventional 
semiconductor laser module is shown in drawing 9 . drawing 9 ~ setting — 1 — for the transmission line 
inside a module package, and 4, as for a modulating-signal input terminal and 6, a DC-bias circuit and 5 
are [ a module package and 2 / a laser diode and 3 / the signal-transmission way of a regular 
characteristic impedance and 7 ] LC blocking force impedance matching circuits of the module package 
1 exterior. 

[0005] First, DC drive current is switched on from the DC-bias circuit 4, and the excitation oscillation of 
the laser diode 2 is carried out. Next, a RF modulating signal is inputted from the modulating-signal 
input terminal 5, and direct modulation of the laser diode 2 is carried out. Usually, the load of a laser 
diode is several ohms and the characteristic impedance of the signal-transmission way 6 is 50ohms. 
Then, adjustment with the characteristic impedance of the signal-transmission way 6 and semiconductor 
laser module in a desired frequency band is realized by inserting the external input impedance matching 
circuit 7, and setting up appropriately the circuit constant of LC reactance component which constitutes 
a matching circuit. 

[0006] Moreover, with the 2nd configuration of the conventional semiconductor laser module shown in 
drawing 10 , LC blocking force impedance matching circuit 8 is inserted in the interior of the module 
package 1, and the selection degree of freedom of LC circuit constant can be extended. For this reason, 
in the external input impedance matching circuit 7 of the 1st configuration, input-impedance adjustment 
of the frequency band implementation was difficult the frequency band is realized. About this detailed 
configuration and detailed function, it is detailed to Japanese Patent Application No. 8-125103. 
[0007] 

[Problem(s) to be Solved by the Invention] Conventionally, in the case of input-impedance adjustment 
by the resistance element insertion for adjustment, the input power conversion efficiency which many of 
modulating-signal power will be consumed in a load resistance part, and a laser diode changes was 
falling. On the other hand, in the impedance matching using the above LC blocking force impedance 
matching circuits, while high input power conversion efficiency is realizable, it has the problem to 
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which a frequency band is restricted. 

[0008] With the 1st above-mentioned conventional configuration, the transmission line 3 of the module 
package 1 interior which ties a laser diode 2 and the modulating-signal input terminal 5 consists of a 
microstrip line, a bonding wire, etc., and it functions as an inductance component. For this reason, the 
frequency domain by LC mold impedance matching circuit 7 of the module package 1 exterior which 
can be adjusted will be restricted. Drawing 11 is the graph of the frequency characteristics which 
expressed light modulation level with the ratio S21 of light modulation output power and a modulating- 
signal input current, the modulating-signal power which can change a laser diode 2 by having inserted 
the external input impedance matching circuit 7 - a large - ** - drawing 1 1 R> 1 shows that high 
optical output level is realizable in the frequency of 600MHz by **. However, since the transmission 
line 3 of the module package 1 interior has the electric merit who functions as an inductance component, 
frequency band [ the frequency band for which it asks ], for example, 1200MHz input impedance, 
adjustment is unrealizable under these effects. 

[0009] Moreover, the circuitry of the external input impedance matching circuit 7 and a circuit constant 
must be changed to realize adjustment of another frequency band for which it asks. For this reason, 
processes, such as a circuit design, assembly, adjustment, and inspection, will newly occur. 
[0010] Moreover, the tooth space for mounting LC blocking force impedance matching circuit 7 
constituted from some circuit elements by the module package 1 exterior must be secured, and induction 
of the enlargement of equipment is carried out. 

[0011] Furthermore, about LC mold impedance matching circuit 7 of the module package 1 exterior, by 
the difference between the quality of the material of the printed circuit board to mount, a transmission 
line, a matching circuit component, a module, and the mounting condition of a circuit element, 
dispersion in a circuit constant occurs and property degradation of a conversion efficiency fall, a shift of 
an adjustment frequency band, etc. is caused. For this reason, the property of a request frequency cannot 
be compensated with the device simple substance of a semiconductor laser module, but inspection of an 
input-impedance adjustment condition and the process of adjustment must be added, and it becomes the 
factor of a cost rise and the yield fall by property sheep. 

[0012] Moreover, with the 2nd conventional configuration, by the internal input-impedance matching 
circuit 8, since the selection degree of freedom of LC circuit constant is extended, input-impedance 
adjustment of the frequency band implementation was difficult the frequency band is realized without 
adjustment in the external input impedance matching circuit 7 of the 1st configuration. Drawing 12 is 
the graph of the frequency characteristics which expressed light modulation level with the ratio S21 of 
light modulation output power and a modulating-signal input current. Input-impedance adjustment [ in / 
for example / 1200MHz ] to which it wants was able to be realized, and light modulation level was able 
to be made high. However, since a matching circuit component exists in the interior of the module 
package 1 by which the closure was carried out, it is impossible to adjust frequency bands other than a 
setup. For this reason, it is the property that only one kind of a certain frequency band was compensated, 
the application is limited, and modular effective operation effectiveness is low. 
[0013] By being made in order to solve the above conventional technical problems, providing two or 
more modulating-signal input terminals connected to the input-impedance matching circuit which 
realizes impedance matching in a frequency band different, respectively, and choosing and using one 
among those, in a desired frequency band, a high modulation factor is obtained with little modulating- 
signal power, and this invention aims to let an adjustment process offer an unnecessary semiconductor 
laser module with many input terminals. 
[0014] 

[Means for Solving the Problem] Two or more modulating-signal input terminals for this invention to 
input a modulating signal from an external circuit, The input-impedance matching circuit connected to 
two or more of the modulating-signal input terminals, It has the module package which contains the 
laser diode which changes the output signal of the input-impedance matching circuit into a lightwave 
signal, and said laser diode. Said input-impedance matching circuit is carried in the interior of said 
module package. When said laser diode side is seen from said two or more modulating-signal input 
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terminals, it has two or more input impedances. It is the semiconductor laser module with many input 
terminals characterized by being what can realize impedance matching of said external circuit and said 
laser diode to a respectively different frequency band corresponding to said two or more input 
impedances. 

[0015] Adjustment of the frequency band which asks for the signal line which transmits a RF signal by 
choosing one of two or more of these modulating-signal input terminals, and connecting is realizable 
with this configuration. What is necessary is just to change connection of a modulating-signal input 
terminal, in using frequency bands other than this. 

[0016] Moreover, as a desirable example, a reactive element considers as the configuration connected 
between the microstrip line and the hot laser diode side including the microstrip line, bonding wire, or 
reactive element in which an input-impedance matching circuit has a regular characteristic impedance as 
a component. 

[0017] And an input-impedance matching circuit can realize input-impedance adjustment in a desired 
frequency domain by controlling a microstrip line, a bonding wire, or a reactive element. Under the 
present circumstances, it is very good in impedance matching so that transmission efficiency may 
become good at coincidence not only in the impedance matching in a single frequency band but in two 
or more frequency bands. 

[0018] Moreover, an input-impedance matching circuit can control change of an adjustment condition 
and a drive current by connecting the resistance element to the microstrip line at the serial including a 
resistance element as a component further. However, as for the resistance of the viewpoint which 
controls an insertion loss to a resistance element, it is desirable that it is lOohms or less. 
[0019] Furthermore, a bias circuit can be established in the interior of a module package, the tooth space 
of the configuration which drives a laser diode, then an external bias circuit can be excluded, and the 
further improvement in integration is attained. 
[0020] 

[Embodiment of the Invention] Below, this invention is explained based on the drawing in which the 
gestalt of the operation is shown. 

(Gestalt 1 of operation) Drawing 1 shows the block diagram of the semiconductor laser module with 
many input terminals concerning the gestalt 1 of operation of this invention. For a module package and 
2, as for n modulating-signal input terminals and 6, in drawing 1 , a laser diode and 5 are [ 1 / the signal- 
transmission way of a regular characteristic impedance and 81 ] internal input-impedance matching 
circuits. The internal input-impedance matching circuit 81 was inserted between a laser diode 2 and n 
modulating-signal input terminals 5, and has connected both. 

[0021] Explanation of the gestalt of this operation is given below about the case where the modulating- 
signal input terminal 5 as shown in drawing 2 consists of two. Drawing 2 is the electrical equivalent 
circuit of the semiconductor laser module of the above-mentioned configuration. In drawing 2 , the same 
number is attached about the same circuit element as drawing 10 used for the conventional explanation. 
Drawing 2 differs from drawing 10 in respect of the following. That is, one modulating-signal input 
terminal 5 connected to an internal input-impedance matching circuit consists of two, the 1st 
modulating-signal input terminal 51 and the 2nd modulating-signal input terminal 52. And in (a), the 
signal-transmission way 6 and the DC-bias circuit 4 are connected to the 1st modulating-signal input 
terminal 51, and the 2nd modulating-signal input terminal 52 is opened wide. On the other hand, in (b), 
the 1st modulating-signal input terminal 51 is opened wide, and the signal -transmission way 6 and the 
DC-bias circuit 4 are connected to the 2nd modulating-signal input terminal 52. Although the internal 
input-impedance matching circuit 81 consists of a microstrip line, a reactive element, and a bonding 
wire, in (a) and (b), the circuitry of the internal input-impedance matching circuit 81 which looked at the 
laser diode 2 side from each modulating-signal input terminals 51 and 52 differs (it mentions later for 
details). For this reason, the frequency bands where transmission efficiency becomes good differ. 
[0022] Hereafter, the function of the semiconductor laser module of the gestalt of this operation is 
explained concretely. If DC drive current is supplied from the DC -bias circuit 4, when it is (a), in the 
modulating-signal input terminal 51 and (b), it will be inputted from the modulating-signal input 
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terminal 52, a laser diode 2 will be excited, and it will oscillate. And direct modulation of the laser diode 
2 can be carried out by inputting a RF modulating signal from the signal-transmission way 6. The 
internal input-impedance matching circuit 81 bears the work which takes impedance matching with a 
load [of a laser diode 2 ] of an ohms [ several ], and a characteristic impedance [ of the signal- 
transmission way 6 ] of 50 ohms. That is, the characteristic impedance of the signal-transmission way 6 
and the load impedance of a laser diode 2 in a desired frequency signal band can be adjusted by setting 
up appropriately the constant of each element which constitutes the internal input-impedance matching 
circuit 81. And as shown in (a) and (b), adjustment properties, such as an adjustment frequency and a 
band, can be changed by choosing one of the modulating-signal input terminals 51 and 52, and 
connecting. 

[0023] The example which adjusted the input impedance [ in / for 600MHz and the 2nd modulating- 
signal input terminal 52 / in the 1st modulating-signal input terminal 51 / 1200MHz ] as an example of 
concrete adjustment implementation is shown in drawing 3 . Drawing 3 is the graph which expressed 
light modulation level with the ratio S21 of light modulation output power and a modulating-signal input 
current. In drawing 3 , the light modulation output at the time of connecting 1 1 to the 1st modulating- 
signal input terminal 51 and 12 are the light modulation outputs at the time of connecting with the 2nd 
modulating-signal input terminal 52. The frequency of 600MHz of the 1st request and the frequency of 
1200MHz of the 2nd request are able to change a property only by the change of connection of a 
modulating-signal input terminal so that this graph may show. 

[0024] As mentioned above, according to the gestalt of this operation, the input-impedance matching 
circuit 81 can be established in the interior of the module package 1, and the semiconductor laser 
module which makes it possible to change the adjustment property of two desired frequency bands by 
one module can be realized by connecting two modulating-signal input terminals 51 and 52 with the 
configuration from which transmission efficiency and light modulation effectiveness become good in a 
different frequency band, and choosing inputting a RF modulating signal from one of modulating-signal 
input terminals. 

[0025] Moreover, when the internal input-impedance matching circuit 81 exists in the interior of the 
module package 1, the stable adjustment property is realizable. For this reason, as compared with the 
matching circuit of the exterior which dispersion in a property tends to generate, the probability for 
property degradation of decline in conversion efficiency, a shift of an adjustment frequency band, etc. to 
occur can be reduced. Moreover, it becomes possible to compensate the property of a request frequency 
with a semiconductor laser module simple substance, it becomes possible about the process of 
inspection of an input impedance, and adjustment unnecessary-ization or to reduce sharply, and a cost 
cut and the improvement of the yield can be made. 

[0026] In addition, although the microstrip line, the reactive element, and the bonding wire were used 
for the component of the internal input-impedance matching circuit 81 established in the interior of the 
module package 1 with the gestalt of this operation, the configuration of a circuit is not this limitation 
and does not restrict the array of each circuit element, a class, and especially configuration quantity. 
[0027] Moreover, although the number of modulating-signal input terminals was set to two with the 
gestalt of this operation, it cannot be overemphasized not only this but that you may be three or more. 
(Gestalt 2 of operation) Next, the electrical equivalent circuit of the semiconductor laser module 
concerning the gestalt 2 of operation of this invention is shown in drawing 4 . The point that this circuit 
differs from drawing 2 of the gestalt 1 of operation is a point that the resistance element (henceforth load 
resistance) 9 is inserted in the serial between the internal input-impedance matching circuit 81 and the 
laser diode 2. This load resistance 9 has the function which controls change of the adjustment condition 
by fluctuation of the impedance of a laser diode 2, and change of a drive current. That is, generating of 
the impedance mismatch by fluctuation of a laser diode 2 is controlled by setting the synthetic value of 
the impedance of a laser diode 2, and load resistance 9 as a large value to the impedance of a laser diode 
2. Moreover, the secondary increase of the 3rd intermodulation distortion of a RF modulating signal is 
also controlled. The value of this load resistance 9 is good to set lOohms or less to 5ohms or less 
desirably from a viewpoint which avoids a conversion efficiency fall. 
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[0028] In drawing 4 , (a) chooses the 1st modulating-signal input terminal 51, shows the case where the 
DC-bias circuit 4 and the signal-transmission way 6 are connected to it, and (b) chooses the 2nd 
modulating-signal input terminal 52, and it shows the case where the DC-bias circuit 4 and the signal- 
transmission way 6 are connected to it. 

[0029] As mentioned above, according to the semiconductor laser module of the gestalt of this 
operation, generating of an impedance mismatch when selection of connection of a modulating-signal 
input terminal of the change of the input-impedance adjustment in two desired frequency bands can 
perform and operating state changes is controlled by equipping the interior of a module package with the 
resistance element 9 by which series connection was carried out between the laser diode 2 and the 
internal input-impedance matching circuit 81. 

[0030] In addition, as long as it is the purpose which controls the secondary increase of the 3rd 
intermodulation distortion of a RF modulating signal, the insertion point of load resistance may be 
inserted in which location which is not based on the configuration of an input-impedance matching 
circuit unit not only in between the internal input-impedance matching circuit 81 and laser diodes 2, but 
is arranged at a laser diode 2 and a serial. For example, you may prepare in the internal input-impedance 
matching circuit 81 interior. In this case, what is necessary is just to connect with them at a serial, if the 
internal input-impedance matching circuit 81 has a microstrip line, a reactive element, or a bonding wire 
further. 

(Gestalt 3 of operation) Next, the semiconductor laser module concerning the gestalt 3 of operation of 
this invention is explained. The configuration of an electrical equivalent circuit is as common as either 
of drawing 4 of drawing 2 of the gestalt 1 of operation, or the gestalt 2 of operation. However, differing 
from drawing 2 of the gestalt 1 of operation or the gestalt 2 of operation or drawing 4 differ in the 
constant of the component of the internal input-impedance matching circuit 81. The input impedance of 
two frequency bands can be adjusted to coincidence to each modulating-signal input terminals 51 and 
52, respectively by adjusting the microstrip line of the component of the internal input-impedance 
matching circuit 81, a reactive element, and a bonding wire. 

[0031] As an example, two bands (900MHz and 1500MHz) and the example of a property which 
performed input-impedance adjustment in 1800MHs and two 2400MHz bands as a frequency of the 2nd 
request are shown in drawing 5 R> 5 as a frequency of the 1st request. Drawing 5 is the graph which 
expressed light modulation level with the ratio S21 of light modulation output power and a modulating- 
signal input current. In drawing 5 , the light modulation output at the time of connecting 13 to the 1st 
modulating-signal input terminal 51 and 14 are the light modulation outputs at the time of connecting 
with the 2nd modulating-signal input terminal 52. It is possible to change a property only by the 
frequency of 900MHz of the 1st request and the change of connection of an input modulating-signal 
terminal of 1500MHz and the frequency of 1800MHz of the 2nd request and 2400MHz so that this 
graph may show. 

[0032] According to the gestalt of this operation, the input-impedance matching circuit 81 is established 
in the interior of the module package 1 as mentioned above. The internal input-impedance matching 
circuit 81 about each of two modulating-signal input terminals 51 and 52 By considering as the 
configuration which has a different frequency band where transmission efficiency and light modulation 
effectiveness become good about two bands at coincidence, choosing one of modulating-signal input 
terminals, and inputting a RF modulating signal The semiconductor laser module which makes it 
possible to change the adjustment property of 2 sets of desired frequency bands by one module is 
realizable. 

[0033] In addition, although the 1st and 2nd modulating-signal input terminal was considered as the 
configuration which has the frequency band which adjusts two bands in coincidence with the gestalt of 
this operation, a number of a band of combination adjusted in coincidence is not this limitation. For 
example, you may be combination, such as a change of one band and two bands, and a change of two 
bands and three bands. 

(Gestalt 4 of operation) Next, the electrical equivalent circuit of the semiconductor laser module 
concerning the gestalt 4 of operation of this invention is shown in drawing 6 . The point that this circuit 
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differs from drawing 2 of the gestalt 1 of operation is a point which carried the DC-bias circuit 24 in the 
interior of the module package I, and has arranged it between a laser diode 2 and the internal input- 
impedance matching circuit 81. This DC-bias circuit 24 consists of a choke inductance 242 aiming at 
inhibition of the high frequency modulating signal by the side of the bias input terminal 241 and the bias 
input terminal 241, a modulating-signal input terminal 51, and capacitance 243 for DC cut aiming at 
inhibition of DC current by the side of 52. However, since the choke inductance 242 and the capacitance 
243 for DC cut have an induction value respectively big enough and capacity value, they do not 
contribute to change of the adjustment condition of an input impedance. That is, the property of the 
configuration of drawing 2 of the gestalt 1 of operation and the property of drawing 3 are saved. 
[0034] In drawing 6 , (a) chooses the 1st modulating-signal input terminal 51, shows the case where the 
signal-transmission way 6 is connected to it, and (b) chooses the 2nd modulating-signal input terminal 
52, and it shows the case where the signal-transmission way 6 is connected to it. 
[0035] It becomes possible as mentioned above according to the gestalt of this operation to become 
possible to contain the DC-bias circuit 24 usually established in the exterior of the module package 1 
inside the module package 1, and to simplify the process, in case the modulating-signal input terminals 
51 and 52 are changed, since it can consider as the input of only a RF modulating signal at the 
modulating-signal input terminals 51 and 52. Moreover, the tooth space of an external bias circuit can be 
excluded and the semiconductor laser module which aims at further improvement in integration can be 
realized. 

[0036] Here, the circuit diagram of drawing 7 explains an example of the internal configuration of the 
internal input-impedance matching circuit in the gestalt of the above-mentioned implementation. 
[0037] In drawing 7 , (a) shows the block diagram in the case of having three modulating-signal input 
terminals, and (b) shows the internal circuitry in that case. Namely, this internal input-impedance 
matching circuit 81 The inductances LI, L2, and L3 connected to each of the port 1 of three modulating- 
signal input terminals, a port 2, and a port 3 at the serial, The inductance L4 connected among the 
inductances L2 and L3, The inductance L5 connected among inductances LI and L2, Inductance L6 
connected between the inductance L5 and an output terminal (laser diode 2), The capacitance CI 
connected between the node of inductances L3 and L4, and touch-down, It is constituted by the 
capacitance C2 connected between the node of inductances L4 and L5, and touch-down, and the 
capacitance C3 connected between the node of an inductance L5 and L6, and touch-down. 
[0038] In the above-mentioned configuration, each of each ports 1, 2, and 3 is chosen, and the 
representative circuit schematic when connecting the signal-transmission way 6 to it is shown in (a) of 
drawing 8 , (b), and (c), respectively. That is, the circuitry seen from each modulating-signal input 
terminal (ports 1, 2, and 3) differs respectively. If it is made to connect only using two ports of 
arbitration at this time, it can consider as the configuration which has two modulating-signal input 
terminals explained with the gestalt of the above-mentioned implementation. 

[0039] As mentioned above, when the input-impedance matching circuit of the adjustment needlessness 
inside a module package and two or more modulating-signal input terminals possess to one module, this 
invention can choose the modulating-signal input terminal which the input impedance of a desired 
frequency domain adjusts, and it can realize it so that the modulating-signal conversion efficiency of the 
signal frequency field may become high. The semiconductor laser module which can realize by this the 
module with a built-in input-impedance matching circuit which can choose one of two or more desired 
frequency bands as arbitration by one module is offered. 

[0040] In addition, although each set the number of a modulating-signal input terminal to 2 or 3 with the 
gestalt of the above-mentioned implementation, it is easy to be natural also not only as this but as four or 
more. 

[0041] Moreover, the circuit diagram of the internal input-impedance matching circuit shown in drawing 

7 (b) is an example, and is not limited to this circuitry. 

[0042] 

[Effect of the Invention] In a desired frequency band, a high modulation factor is obtained with little 
modulating-signal power by this invention's possessing two or more modulating-signal input terminals 
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connected to the input-impedance matching circuit which realizes impedance matching in a frequency 
band different, respectively, and choosing and using one among those so that clearly from the place 
described above, and it has the advantage in which an adjustment process is unnecessary. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 10] 
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